ABSTRACT: Nanoparticles are being explored for biomedical applications in diagnostics and therapeutics.
INTRODUCTION
The term "omics" (Figure 1 ) refers to genomics, proteomics, transcriptomics and other tools used to study the "omics", meaning "totalities". The genome for example, is the total set of genes common to all cells in a body. Genomics is the study of the structure, function and interaction of genes. Developments in this area have mainly stemmed from progress in molecular biology and specifically in automated DNA sequencing and bioinformatics, which is based on the large-scale storage, structure, organization and extraction of information from biological studies. Some genomic techniques are based on blotting. In this technique, DNA is transferred to a solid support such as nitrocellulose followed by hybridization with appropriate nucleic acid probes and can be preceded by polymerase chain reactions (PCR). Southern blotting (SOUTHERN, 1975) and Northern blotting (FERNYHOUGH, 2001 ) are used for DNA and RNA respectively. Another technology is real-time PCR (RT-PCR) (GIULIETTI et al., 2001) . This PCR reaction is a powerful and sensitive tool for detecting and quantifying mRNA in small samples and is also used in genomic assays, genetic diagnosis and quantification of gene expression.
A transcriptome is a set of genes transcribed in a cell at a specific stage that can be used to determine the profile of genetic expression. One transcriptomic technique is used to determine expressed sequence tags (ESTs). This technique was used to bulk sequence cDNA (complementary DNA) populations in order to generate thousands of ESTs. These short sequences (300-500 bp) are usually sufficient to identify genes by comparison with sequences in public databases (e.g. GenBank, EMBL). cDNA microarray analysis is the most common transcriptomic technique and can be used to simultaneously analyze thousands of genes.
Hybridization experiments are conducted with DNA chip samples. These samples are labeled either radioactively or with suitable fluorophores and quantified by a Phosphorimager or confocal microscopy. In this way, the expression patterns of thousands of genes can be identified simultaneously during development or in response to environmental stimuli. These data can then be analyzed by bioinformatics techniques to associate groups of coordinately expressed genes and provide important information about their function.
The proteome has been defined as the set of proteins expressed by the genome of an organism, or in the case of multicellular organisms, as the protein complement expressed by specific cells or tissue, more specifically, the set of proteins specifically expressed at a given time under defined conditions (WILKINS et al., 1996) . Unlike astatic genome, a proteome is complex and dynamic depending on cell cycle, external conditions and system history. Generally, the proteome is modified according to the specific biological and pathophysiological state of the organism.
Despite the importance of genomic and transcriptomic data, only the proteomic level makes it possible to glimpse the biochemical functionality and diversity of the real products of genetic expression (proteins). This diversity exists because a gene can produce multiple distinct proteins from the alternative splicing of primary transcripts, polymorphisms, post-translational modifications and other protein processing mechanisms. Studies on yeast and mammalian cells show that mRNA (messenger RNA) quantity is not directly correlated with protein levels (GYGI et al., 1999; CHEN et al., 2002; ORNTOFT et al., 2002) .
Proteomic analysis is usually carried out by combining protein separation and identification techniques. Electrophoresis and chromatography techniques can be used for proteomic separation (Figure 2 ), whereas mass spectrometry is preferred for identification. Two-dimensional electrophoresis (2-DE) is a powerful separation technique that allows simultaneous resolution of hundreds or even thousands of proteins under specific conditions. These proteins are separated by two independent characteristics: molecular mass and isoelectric point (O´Farrell et al., 1975) . Isoelectric focusing (IEF) is used in the first dimension of 2-DE to separate proteins by charge and SDS-PAGE (sodiumdodecyl sulphate-polyacrylamide gel electrophoresis) is used in the second dimension to orthogonally separate proteins by molecular weight.
The main limitations of 2-DE are the under representation of high molecular weight protein and hydrophobic proteins, the limited ability to detect proteins with few copies per cell (GYGI et al., 2000) and the difficulty to obtain reproducible electrophoretic patterns for proteins with highly alkaline isoelectric points (HOVING et al., 2002) . These constraints have been substantially alleviated by pre-fractionating samples (GORG et al., 2002 and LOCKE et al., 2002) , decreasing IPG (immobilized pH gradient) concentration (CANDIANO et al., 2002 and BRUSCHI et al., 2003) and decreasing the electroendosmotic effect of alkali gels (HOVING et al., 2002) .
To overcome some of the limitations of 2-DE, alternative techniques have been integrated into mass spectrometry as new platforms for proteomic analysis. One promising technique is to use Liquid Chromatography-Mass Spectrometry (LC-MS) for the direct analysis of complex mixtures of peptides obtained by enzymatic digestion of total protein extracts. This allows peptides with similar elution times to be automatically selected, isolated and sequentially fragmented within the spectrometer without overlapping fragmentation patterns. Thus, sequence information for thousands of peptides can be obtained using two-dimensional LC-MS/MS assay (WASHBURN et al., 2001 ).
DEVELOPMENT

Nano-onions as carbon nanostructures
Concerns about nanotechnologies are related to the fact that at nanoscale, the mechanical, electronic, optical, chemical, biological and other properties of a substance can significantly differ from the properties exhibited at macroscopic and microscopic levels. Furthermore, nanomaterials with identical chemical compositions but different shapes can also have different properties (WIESNER et al., 2006) .
Another source of uncertainty is that exposure to dust and toxic substances is measured and expressed as mass per unit volume (typically mg/m -3 ). However, the effects of nanoparticles (NPs) seem to be more closely related to surface area than to mass (STONE, 2009) .
Carbon nanostructures have risen to importance since the discovery of fullerene C60 (KROTO et al., 1985) . Investigations in recent years have demonstrated the great capacity for carbon to exist in different allotropic forms with varied nanometric textures, dimensions and fascinating properties.
Carbon nano-onions (CNOs), also known as bucky onions, multi-shell-fullerenes and onion-like fullerenes are the least studied family of carbon allotropes (XU, 2008) . They have received more attention recently because new synthesis methods have been developed that can produce sufficient CNOs for study and exploration for potential applications.
Ideal nano-onions consist of a series of concentric graphite levels separated by a 0.34 nm space that contains a nucleus-like C60 molecule. Actual nano-onion structures usually differ from this model by assuming quasi-spherical or polyhedral shapes (UGARTE, 1992) . The submerged arc discharge method (SAD) (SANO et al., 2001) , with distilled water and graphite electrodes, can be used to produce significant numbers of CNOs with diameters ranging from 3 to 50 nm. Figure 3 shows a CNO example obtained by CEADEN (Centro de Aplicaciones Tecnológicas y Desarrollo Nuclear) using the SAD method.
The Lawrence Berkeley National Laboratory has proposed using CNOs obtained by SAD as a new antitumor therapy. The laboratory used micro-array analysis of gene expression to conclude that EGFR (epidermal grow factor receptor) expression reduced fourfold in skin cells treated with CNO (DING et al., 2005) . EFGR is overexpressed in over 20% of human breast cancer cases. This study also showed that nano-onions caused less cell stress than nanotubes. Other studies have shown that functionalized single-wall nanotubes are effective at detecting and treating breast cancer (SHAO et al., 2007; XIAO et al., 2009) . 
Nanomaterial entry into cells depends on size, shape and surface.
Size is one of the most important characteristics of nanomaterials, because with a decrease size the number of particles per unit mass increases. Thus, nanomaterials can cross biological barriers to regulate absorption, distribution, metabolism and excretion. Once inside the body, a NP can enter a cell, interact with biomolecules and destabilize normal cell function. However, this can be an advantage for medicine and for the development of new nanodevices to treat certain diseases (FERRARI, 2005; SAHOO et al., 2007) . Size is critical to a nanomaterial's ability to enter a cell. Cell entry can be accomplished through many mechanisms including diffusion through the plasma membrane directly, or through channels. Another mechanism is endocytosis, which is an energydependent mechanism that can follow different paths. Nanomaterials of the right size and shape need to interact with membrane receptors that facilitate receptor mediated endocytosis (PATEL et al., 2007) . Investigations show that NPs up to 200 nm are usually assimilated by endocytosis. On the other hand, 50 nm particles are more rapidly assimilated than smaller (<14 nm) and larger (up to 500 nm) diameter particles (REJMAN, et al., 2004; CHITHRANI, et al., 2006; CHITHRANI, et al., 2007; GRATTON, et al., 2008) , (Erro! Fonte de referência não encontrada.).
Nanomaterial shape may also affect the rate of entry into a cell. Spherical nanoparticles enter more quickly than nanotubes, while penetration of the latter is strongly influenced by size (CHITHRANI et al., 2006) . NP size and shape are determined by the surface area associated with a specific mass. Spheres have slightly smaller surface areas than octagonal structures of the same size. Large surface areas increase catalytic activity because surface atoms tend to have unsatisfied high-energy bonds. These bonds rapidly react with other molecules to gain stability. Thus, the greater the surface area of a NP, the higher its reactive potential. In addition, if these nanomaterials can enter cells, there is greater likelihood that the surface area will interact with biomolecules causing cell damage or oxidative stress. Finally, the performance of an NP may have no relationship with their biological impact in a living organism (OSTIGUY et al., 2008) .
Could new technologies such as "omics" help identify potential toxicities and supplement current nanomaterial testing?
Without question, "omics" technologies can contribute significantly to the study of nanomaterial toxicology and biomedical applications. Specifically, proteomics could elucidate mechanisms of action and help determine the effects of nanomaterials on protein expression in tissues and organs. Which alterations cause the transduction mechanisms, gene regulation and metabolic pathways? What are the molecular targets of such changes? "Omic" approaches studies on carbon nanoparticles. Analyzing gene expression with DNA microarrays shows that multiple cellular pathways were disrupted after exposing skin fibroblast cells to cytotoxic doses of carbon nanomaterials (multiplewall carbon nano-onions MWCNOs and multiplewall carbon nanotubes MWCNT) (DING, et al., 2005) . These studies showed material-specific toxicogenomic profiles and quantitative and qualitative differences in gene expression profiles for each material and at different doses (6 and 0.6 µg/mL for MWCNO and 0.06 and 0.6 µg/mL for MWCNT). Exposure to both nanomaterials showed different standards of gene expression related to cellular transport, metabolism, cell cycle regulation and stress response. MWCNT presence altered gene expression and led to strong immune and inflammatory response in fibroblast cells of the skin. MWCNOs, on the other hand, altered gene expression related to response from external stimuli. This study demonstrated that MWCNTs seem to cause more cellular stress than MWCNOs. At high doses, MWCNTs caused an innate immune response in cells whereas MWCNOs did not, which also shows that cells react differently to nanomaterial structure.
Other studies using microarrays demonstrated that only 50 genes in human fibroblasts (0.2% of all genes tested) had statistically significant changes in expression (more than 2 fold) when treated with silicon quantum dots coated with polyethylene glycol (PEG-silica-coated Qdots) (ZHANG et al., 2006) . Expression changed in genes involved in carbohydrate binding, intracellular vesicle formation and stress response. Surprisingly, PEG-silica-coated Qdots, unlike carbon nanotubes, did not modify gene expression related to strong immune and inflammatory response associated to heavy metal toxicity. Experimental evidence in this study showed that even at high doses, CdSe/ZnS quantum dots induced negligible toxicity in properly protected cells. In summary, this study showed that PEG-silica-coated Qdot shave minimum impact on cells and are a promising alternative to uncoated quantum dots.
Proteomic analysis using 2-DE and mass spectrometry was used to generate a preliminary protein profile of human epidermal keratinocyte cells (HEKS) exposed to multiple-wall carbon nanotubes (MWCNTs) (Witzmann and Monteiroriviere 2006) . The expression of 36 proteins changed after 24 hours of exposure (P<0.01) and the expression of 106 proteins changed after 48 hours. In both cases, protein expression decreased significantly (~67%). Peptide mass fingerprinting was used to identify differentially expressed proteins. Many of these proteins showed complex cellular responses to MWCNT exposure. In addition to proteins associated with metabolism, cellular signaling and stress, a consistent effect was observed in the expression of cytoskeletal elements and components of vesicular traffic. This study showed that MWCNTs are able to alter protein expression in an epithelial target cell, which is the main route for occupational exposure to manufactured nanotubes.
Another study used the proteomic approach and human monoblastic leukemia cells (U937) exposed to black carbon nanoparticles to show changes in protein expression and to explore a potential method of safety assessment (HANIU et al., 2009 ). Cells exposed to black carbon particles (~85 nm) did not show inhibited cell growth for 96 hours. However, 2-DE analysis with U937 cell lysates showed that exposure to the same black carbon particles significantly modified protein expression in 14 protein spots by at least a factor of two. Only one protein was over-expressed, while expression of the other proteins decreased. Ten of the fourteen spots were identified by PMF:transportin, thioredoxin containing domain 5, annexin A2, otubain 1,14-3-3 proteins, etc. The functions of these proteins were associated with metabolism, stress response, signal transduction and cell differentiation. According to this study, black carbon unquestionably caused biological responses that were undetectable by conventional methods. Regarding safety risks, the proteomic approach can detect biological response with greater sensitivity than conventional methods of in vitro evaluation.
A proteomic analysis by the same author evaluated the biological response of U937 cells exposed to different types of multiple-wall nanotubes such as raw and purified MWCNTs. These MWCNTs were heat treated at 1800 ºC (HTT1800) and 2800 ºC (HTT2800) (HANIU et al., 2010) . Cellular proliferation was strongly inhibited by the unpurified MWCNTs but not by HTT2800. Nevertheless, both unpurified MWCNT and HTT1800, which included some impurities, were cytotoxic. This study showed that 37 proteins had significantly different expression (p < 0,05) in 2-DE gels after exposure to HTT1800 with low iron levels, and 20 proteins after exposure to HTT2800 (Figure 4) . PMF identified 45 proteins including the heat-shock-1 beta protein, neutral alpha-glucosidase AB and the DNA repair protein MSH2. Modified expression was seen in proteins that have important roles in metabolism, biosynthesis, stress response and cell differentiation. While HTT2800 did not inhibit cell proliferation or produce in vitro cytotoxicity, the expression of some proteins involved in stress response was modified. On the other hand, DJ-1, a marker of Parkinson's disease also associated with cancer, was identified after exposure to both MWCNTs. These results demonstrated that MWCNT cytotoxicity is dependent on impurities such as iron and that MWCNTs cause some direct and/or indirect biological responses, in vitro.
Other studies demonstrated that exposing HaCaT cells to SiO 2 NPs caused cytotoxicity and modified protein expression (YANG et al., 2010) . Proteomic analysis showed that 16 proteins were differentially expressed due to SiO 2 exposure and that the expression levels of these differentially expressed proteins were associated with particle size. These 16 proteins were identified by MALDI-TOF-TOF (matrix assisted laser desorption/ionization mass spectrometry) and were classified into five categories according to function: proteins related to oxidative stress, proteins associated with the cytoskeleton, chaperone proteins, proteins involved in energy metabolism and proteins related to apoptosis and tumors.
More recent results demonstrated that MWCNT induces cytotoxicity in A549 cells only at relatively high concentrations and longer exposure time (JU et al., 2014) . Within a relatively low dosage range (30 µg/mL) and short time period (24 h), MWCNT treatment does not induce significant cytotoxicity, cell cycle changes, apoptosis, or DNA damage. However, at these low doses and times, MWCNT treatment causes significant changes in protein expression. A total of 106 proteins show altered expression at various time points and dosages, and of these, 52 proteins were further identified by MS. Identified proteins are involved in several cellular processes including proliferation, stress, and cellular skeleton organization. In particular, MWCNT treatment causes increases in actin expression. This increase has the potential to contribute to increased migration capacity and may be mediated by reactive oxygen species (ROS).
Figure 4.
Representative 2-DE gels (pI 9-4.5) of total protein extracts from cell treated with HTT1800, HTT2800 or CB compared to control cells (n = 4). Numbered spots were changed more than twofold with statistically significant differences (p < 0.05). (HANIU et al., 2011) .
In summary, "omics" technologies promise powerful and complementary tools for the study of nanoparticle toxicity. The sensitivity of many of these techniques makes it possible to elucidate cellular actions and reactions to different nanomaterials and thus facilitate the study of the benefits and harms caused by the interaction of these nanoparticles with the human body.
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